We present several Gronwall-OuIang-type integral inequalities on time scales. Firstly, an OuIang inequality on time scales is discussed. Then we extend the Gronwall-type inequalities to multiple integrals. Some special cases of our results contain continuous Gronwall-type inequalities and their discrete analogues. Several examples are included to illustrate our results at the end.
Introduction
OuIang inequalities and their generalizations have proved to be useful tools in oscillation theory, boundedness theory, stability theory, and other applications of differential and difference equations. A nice introduction to continuous and discrete OuIang inequalities can be found in 1, 2 , and studies in 3-5 give some of their generalizations to multiple integrals and higher-dimensional spaces. Like Gronwall's inequality, OuIang's inequality is also used to obtain a priori bounds on unknown functions. Therefore, integral inequalities of this type are usually known as Gronwall-OuIang-type inequalities 6 .
The calculus on time scales has been introduced by Hilger 7 in order to unify discrete and continuous analysis. For the general basic ideas and background, we refer to 8, 9 . In this paper, we are concerned with Gronwall-OuIang-type integral inequalities on time scales, which unify and extend the corresponding continuous inequalities and their discrete analogues. We also provide a more useful and explicit bound than that in 10-12 . y τ p τ Δτ ∀t ∈ T t 0 2.1 implies that
Above, R is defined as the set of all regressive and rd-continuous functions, R is the positive regressive part of R, the "circle minus" subtraction on R is defined by
and e p t, t 0 is the exponential function on time scales; for more details on time scales, see 8, 9 . Now we will give the OuIang inequality on time scales.
Theorem 2.2. Let u and v be real-valued nonnegative rd-continuous functions defined on T t 0 . If
where c is a positive constant, then
Proof. Let
From 2.4 , we have
The definition of w gives
Combining 2.4 and 2.11 yields 2.5 and completes the proof.
In 1979, Dafermos 13 published a so-called Gronwall-type inequality see also 3 . In the same way as Theorem 2.2, we now extend this result to general time scales. 
Gronwall-OuIang-Type Inequality
Pachpatte discussed several integral inequalities arising in the theory of differential equations and difference equations 3, 4 . Now, we extend some of these results to time scales. First, we give some notations and definitions which are used in our subsequent discussion.
To simplify the expression, we let 0 ∈ T, choose rd-continuous functions r i 1 ≤ i ≤ n such that
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For t ∈ T 0 and a nonnegative function r defined on T 0 , we set
Theorem 3.1. Let F and r be real-valued nonnegative rd-continuous functions on T 0 , and let q > 1 be a constant. If
where c > 0 is a constant, then
From 3.6 , it is easy to observe that
From 3.7 and using the facts that z and z Δ are nonnegative, and
we have
that is,
Integrating 3.10 with respect to t n from 0 to t and using the fact that L n−1 z 0 0, we obtain that
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Again as above, from 3.12 , we observe that
3.14 By setting t t n−1 in 3.14 and integrating with respect to t n−1 from 0 to t and using the fact that L n−2 z 0 0, we get
Continuing this way, we obtain that
For z Δ t ≥ 0, from the chain rule in 8, Theorem 1.90 ,
3.18
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Letting t t 1 in 3.17 and integrating with respect to t 1 from 0 to t, we have
3.19
which means that 
3.30
Now, Theorem 3.1 yields
3.31
Noticing that 3.29 implies v ≤ F and u ≤ e α ·, 0 F, the bounds in 3.27 follow, which concludes the proof. 
where
Hence, z s ≤ z t for all 0 ≤ s ≤ t, so that z ≤ z t id on 0, t , and thus so that the chain rule 9, Theorem 2.37 yields
Dividing both sides of 3.38 by w 1/q provides that
Integrating both sides of 3.41 from 0 to t and noticing 3.40 , we find that 
Some Applications
In this section, we indicate some applications of our results to obtain the estimates of the solutions of certain integral equations for which inequalities obtained in the literature thus far do not apply directly. 
